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* NOTICES * 
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1 -This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 

(57) [Claim(s)] 

[Claim 1]A refining method of fullerene making this complex decompose and collecting specific 
fullerene after adding carixarene and; making a complex of fullerene arid cafixarene form into a 
solution of a fullerene mixture. 

[Claim 2]It is a following formula to a solution which obtained a fullerene mixture containing C 60 by 

making it dissolve in a benzenoid solvent A refining method of fullerene characterized by 
comprising the following. 

The first process that adds a calyx [8] arene (the inside of a formula and R are the alkyl groups of 
the carbon numbers 1-5) expressed with [the-izing 1], and settles C 60 as a complex with this 

calyx [8] arene. 

The second process of making a complex which, carried, out precipitation by this first process 
decomposing, and collecting C 60 . 

[Formula 1] 




[Claim 3]After separating generated precipitation from a benzenoid solvent in the first process, A 
refining method of fullerene of claim 2 presenting the second process with obtained precipitation 
after repeating warming at 50-100 ** in a benzenoid solvent again, making this precipitation 
re me It, returning to a ropm temperature and settling it after that. 

[Claim 4] A refining method of fullerene of claim 2 or claim 3 with which it is characterized by 
comprising adding a chlorine-based solvent in this complex, settling C 6Q , and collecting after the 

second process separates a complex which carried out precipitation. 

[Claim 5]A refining method of fullerene of claim 2, wherein a benzenoid solvent is toluene or 
benzene, or claim 3. 

[Claim 6] A refining method of fullerene of claim 4, wherein a benzenoid solvent is toluene or 
benzene and a chlorine-based solvent is chloroform or a methylene chloride. 
[Claim 7] A refining method of fullerene of claim 2 or claim 3 using a calyx [8] arene whose R is ah. 
alkyl group of the carbon number 2, 3, or 4. 

[Claim 8] A refining method of fullerene of claim 4 characterized by a chlorine-based solvent being 
chloroform or a methylene chloride using a calyx [8] arene whose R is an alkyl group of the carbon 
number 2, 3, or 4. 

[Claim 9] A refining method of fullerene of claim 2 characterized by a benzenoid solvent being 
benzene or toluene Using p-isopropyl calyx [8] arene whose R is an isopropyl group, or claim 3. 
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[Claim 10] A refining method of fullerene of claim 4 characterized by a benzenoid solvent's being 
benzene or toluene, and a chlorine-based solvent being chloroform using p-isopropyl calyx [8] 
arene whose R is an isopropyl group. 

[Claim 11] A refining method of fullerene of claim 2 characterized by a benzenoid solvent being 
toluene using a p-t-butyl calyx [8] arene whose R is t~butyl group, or claim 3. 
[Claim 1 2] A refining method of fullerene of claim 4 characterized by a benzenoid solvent's being 
toluene and a chlorine-based solvent being chloroform using a .p-t-butyl calyx [8] arene whose R 
is t~butyl group, 

[Claim 13]A refining method of fullerene of claim 2 characterized by a benzenoid solvent being 
benzene using p-ethyl calyx [8] arene whose R is an ethyl group, or claim 3. 
[Claim 14] A refining method of fullerene of claim 4 characterized by a benzenoid solvent's being 
benzene and a chlorine-based solvent being chloroform using p-ethyl calyx [8] arene whose R is 
an ethyl group. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer: So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1ri the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[000 1] 

[Industrial Application]This invention relates to the refining method of the fullefehe for obtaining 
specific fullerene, such as C 60 , from a fullerene mixture selectively. 

[0002] 

[Description of the Prior ArtjFullerene is sphericahshelhshape carbon-content children including 
C 60 , and since it was discovered by Klotho and Smalley in 1985, it not only gave big impact to 

institutional science, but it has been capturing the spotlight of various kinds of industrial worlds 
recently, 

[0003] Especially about G 6Q which is- a globular molecule of the shape, of a football; which comprises 

only 60 carbon atoms. Since the extensive synthetic method was discovered by Kretschmer and 
Huffman in 1 990, the chemicals have developed in various fields, such as a molecular assembly arid 
also a derivative, only as a single molecule: There is also a report of a Q 60 derivative showing an 

activity inhibition operation of an acquired immunodeficiency syndrome in 1 993 including having 
become whether it is ** that the C 6Q film which doped potassium by HEBATO and others in 1991 

shows superconductivity by Tc=1 8K, and having attracted attention, and the expectation for 
application is also growing increasingly., 

[00j04]Now; although the raw material of fullerene is soot obtained by the carbonaceous laser 
evaporating: methods and arc discharge process, such as graphite, in this soot, big fullerene other 
than G 60 of the main ingredients, such as C 70 , is contained. So, in order to produce the. fullerene 

made into the purpose of a high grade in large quantities, development of efficient separation 
technology is needed. 

[0005]A|though the method by the column chromatography using various stationary phases as a 
Prior art for carrying out separation, refinement of the fullerene is known, it cannot necessarily be 
satisfied. For example, when neutral alumina is used, in order to use soluble low hexane as a 
developing solvent, there was a problem which needs a lot .of .solvents. When activated carbon was 
used, there, was a problem with unrecoverable C 6Q adsorbed. That is [ it cannot scale up the 

method in particular of using column chromatography in essence ], there is a fault of not being; 
suitable for refining on an industrial scale. It is said that the recovery rate, in these methods is as 
about at most 60%. Thus, since' the simple and efficient method of refining fullerene was not yet 
established, fullerene is dramatically expensive now and had become this [ one ] of the obstacle of 
research of fullerene, or application development. 
[0Q06] 

[Weans for Solving the Problem]This invention persons found out a new method, of refining 
fullerene efficiently and on a large scale by using carixarene, as a result of repeating research, in 
order to solve, a, problem which was mentioned above. 

[0007]Carixarene used in this invention is a following formula, As shown, by [the-izing 2], two or 
more phenol units are the annular oligomer combined by a methylene group (n is usually 3-8, arid X 
is various kinds of functional groups or atom groups). This carixarene has the character to wrap in 
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an atom and a molecule in a hole formed of that ring (inclusion is carried out), and can change a 
size and a form of a hole, by changing the number of phenol units etc. in this case; For this reason, 
while carixarene occupies a position scientifically important as a host molecule in a host / guest 
chemicals, application based on that unique function is also considered especially these days. 
[0008] 
[Formula 2] 



n-a 




Based on the inclusion function of carixarene, the; carixarene of the ring size which suits the 
molecular size of fullerene is used for this invention, Fullerene is separated and collected from this 
complex after making: a complex (a complex, complex): form; between carixarene and fullerene. For 
example, in a phenol unit, eight calyx [8] arenes suit- to Q 60 . 

[0010] in a solution which melted a mixture, of fullerene which may contain G 6Q and C 7Q and other 

fullerene in a suitable solvent, if technical thought used as foundations of this invention is followed 
in this way, Add carixarene; a complex of fullerene and carixarene is made to fbrm, and a refining 
method of fullerene which comprises making this complex decompose and collecting specific 
fullerene after that is provided.. 

[001 1]In order to enforce a method of such this invention, generally it dissolves in an organic 
solvent (nonaqueous solvent), and a fullerene mixture is used,, but it is also possible to use, 
solution. For example, the above A complex of fullerene and carixarene is made to form in solution 
by carrying but inclusion of the fullerene by water-soluble carixarene produced by replacing an OH 
radical of carixarene or R as shown in [the-izing 2] by a suitable functional group. In order to make 
a complex decompose after an appropriate time, solution can be filtered, filtrate containing. this 
complex can be moved to an organic solvent phase, and a method of separating and collecting 
fullerene can be performed. 

[001 2] However, a specific calyx [8] arene forms a complex selectively with C g0 in a benzerioid 

solvent, and the most desirable mode of this invention produces a precipitate, and is based on 
discovery of a fact that other fullerene compounds do. hot cause such precipitation. That is, this 
invention is a following formula to a solution which obtained a fullerene mixture containing C 6Q by 

making it dissolve in a benzenoid solvent A calyx [8] arene (the inside of a formula and R are the 
a Iky I groups of the carbon numbers 1-5) expressed with [the-izing 1] is added, A refining method 
of fullerene which comprises the first process that settles C 60 as a complex with this calyx [8] 

arene, and the second process of making a complex which carried out precipitation in this first 
process decomposing, and separating and collecting Cg Q is provided. 



[Formula 1] 

[001 4] Formula As R. in [the-izing 1], an iso propyl group and t-butyl group have a desirable 
especially preferred alkyl group of the carbon number 2, 3, or 4 among the alky I groups of the 
carbon numbers 1 -5.,;nam.ely, carixarene especially desirable although set [ it is alike and ] and 
used for this invention — the following formula [-izirig 3] orp-isoprbpyl calyx. [8] arene shown by 
[the-izing 4] — and [-izing 5] orlt is the p-t-butylcarixarene shown by [the-izing 6]. 



[Formula 3] 
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OH 



CH(CH 3 ) 2/ 



[Formula 4] 



i-Pr 




CM, CH, 



l-Pr 



[0017] 
[Formula 5] 




C(GH3) 3 



[Formula 6] 



Bu' 



"OH HO ^ 




[001 9] It. is used by this invention and is ah upper type, p-alkyl calyx [8] arene as shown by [the- 
izing 1] is a method given in literature. It is compounded with the- yield of 40 to 90% by flowing back 
among bottom xylene of potassium hydrate existence, and carrying out dehydration condensation 
of corresponding p-alkylphenol and formaldehyde according to [Gutsche et aj., J.Am.Chem.Soc, 
103,-3782] (1951). [ for example, ] For example, p-isopropyl calyx [8] arene is obtained, from p- 
isopropyl phenols with the yield of ;80 to 8.5% by the method. 

[0020]As a benzenoid solvent used for precipitation-ization at the first process in the fullerene 
purification method according to this invention that was mentioned above, benzene, toluene, 
xylene, ethylbenzene, etc. can be mentioned and especially benzene and toluene are used. In the 
case of a p-t-butyl calyx [8] arene, it is preferred to use toluene, and if benzene is used, in order 
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to also settle G 7Q in addition to Cg 0 , the efficiency from a viewpoint of refining C 60 worsens. 

[0021 ]On the other hand, even if any of toluene and benzene are. used for p-isopropyl calyx [83 
arene, in a point of settling C 6Q selectively, it is advantageous, and precipitation also becomes 

quick in using especially benzene. If p-isopropyl calyx [8] arene is used, although a complex which 
carried out precipitation formation Will be decomposed, when chloroform is added, Since the 
difference of solubility of a complex to chloroform and is large, C 6Q precipitates efficiently, 

therefore there is also an advantage that the .amount of solvent (chloroform) used becomes few, 
and a recovery rate of Gg 0 becomes high. 

[0022]the amount of calyx [8] arene used in this first process usually receives content C 6Q , 

although there is no restriction in particular — 0.1 - 100 time molar quantity — it is the range of 1 
- double molar quantity preferably. 

[0023]Although restriction in particular does not have the amount of benzenoid solvent used, 
either, the range of 0.5-5 (liter) is preferred to 2.8-28 (liter), and 1 g of calyx [8] aren.es to C 60 1 g 

of content. If less than this range,, C 6Q of a calyx [8] arene. will deposit, and settlings of a uniform 

presentation will not be obtained. If this range is exceeded, precipitation formation will take time. A 
precipitate formation reaction in this first process can be performed at a room temperature 
[0024}lf this invention is followed, this complex (considered 1;1 complexes) obtained by a complex 
(called complex or complex) formation reaction occurring between Q 60 and a calyx [8] arene which 

dissolved in a benzenoid solvent will form precipitation in a benzenoid solvent. This mechanism is 
guessed as follows. That is, although, the hydroxyl group (OH radical) carried but the intramolecular 
hydrogen bond to ring shape and has melted into a benzenoid solvent, if carixarene carries out 
inclusion of the CgQ, cutting of an intra molecular hydrogen bond will take place and a hydroxyl 

group will expose it into a splvent As a result, it is understood as what solubility change of a 
complex; of Q 60 arid carixarene or an interaction between hydroxyl groups is induced, and 

precipitate generates. 

[0025]If a desirable mode of this invention is followed, once dissolving precipitation, in the first 
process (complex precipitation formation process) that was mentioned above, Gg 0 of a high grade 

can be extremely obtained by adding operation of making precipitation form again. 
[0026]That is, precipitation generated by addition: of a calyx [8] arene is once separated from a 
benzenoid solvent. What is necessary is just to use filtration, centrifugal separation, etc. for 
separation. In this way; if precipitation separated from a solution is again put; into a benzenoid 
solvent and it warms at 50-100 **; precipitation (complex) will be returned and remelted to C 6Q 

and a calyx [8] arene. If this solution, is; returned to a room temperature, settlings will be formed 
again. 

[0027]accepting necessity — warming in such a precipitation separation -> benzenoid solvent — 
the second process is presented with obtained precipitation after repeating operation of cooling to 
-> room temperature. Although: purity of G 60 obtained by one operation changes with 

presentations of a raw material, C 6Q of a high grade hear 100% final almost can be obtained by 

repeating this operation. 

[0028]What is necessary is just to collect using conventional methods, such as column 
chromatography, in asking for the very thing, such as such C 7Q , although high-class fullerehe, such 

as G 70 , is contained in filtrate obtained in the first process. According to combination of carixarene 

and a solvent, there is also a system which can settle C 60 and G 70 simultaneously like [ in case R 

uses in benzene p-ethyl calyx [8] arene which is an ethyl group ]. If such a system is used, high- 
class fullerehe after separating C 6Q and iC 70 is also recoverable. 

[0029]In a fullerene refining method of this invention, the second process is presented- with a 
complex which carried out precipitation by the first above process, and Cg 0 are separated and 

collected from a complex. 
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[0030]If a mode desirable as such second process is followed, after separating precipitate (C 6Q / 

calyx [8] arene complex;) obtained by the first process (for example, filtration, centrifugal 
separation, etc."), a chlorine-based solvent is added to this precipitation, and it is made to 
distribute in this solvent, it writes — if it carries out, C 6Q / calyx |8] ,arene complex will 

decompose, only C 60 will precipitate from this complex, and carixarene will dissolve in a chlorine- 
based solvent. C 60 of a high grade can be obtained by collecting these C 6Q . 

[0031] As a chlorine-based solvent used 'in this second process, although chloroform, a methylene 
chloride, a carbon tetrachloride, tetrachloroethane, etc. can be mentioned, Solubility to G g0 and 

solubility to a calyx [8] arene are large, namely, since it says that C 60 is settled efficiently, 

chloroform and a methylene chloride are preferred. Chloroform is especially preferred at a point of 
advancing decomposition smoothly under a room temperature. To use a methylene chloride, to 
warm a little- is required. 

[0032]Although restriction in particular does not have it, the amount of chlorine-based solvent 
used used in the second process; has the preferred range of 100-300 ml to 1 g of calyx [8] arenes 
contained during, precipitation, when it is chloroform. Below in this range, if a calyx [8] arene may 
mix into recovery G^q and this range is exceeded, a recovery rate of G g0 will fall, 

[0033] Although a calyx [8] arene of a high grade and a little. G 60 are contained in filtrate obtained 

by this second process, it is reusable by distilling off a solvent, 

[003 4] A. method except adding a chlorine-based solvent, precipitating and collecting fulierene as a 
method of making a complex which carried out precipitation by the first process decomposing, and 
collecting Q 60 , is also possible. After warming in toluene and returning to G 6Q and a calyx [8] arene 

as such a method, for example, While heating a. calyx [8] arene by method of extracting with an 
alkaline aqueous solution, or a solid; state and an evaporated part's understanding it before 
precipitation is reproduced, how to carry out fractional sublimation etc. can be considered. 



[Bcample]Hereafter, this invention is not limited by this example although this invention is further 
explained in accordance with an example. In this example, C 60 uses that in which Q 70 is contained 

13% of the weight 72% of the weight as a fulierene mixture, and purity is expressed with 100xQ 60 / 

(C 60 +C 70 ) (% of the weight), and It asks for jt from the analytical value of high performance 

chromatography; 

[0036] 200 mg of fulierene mixtures containing 144 mg (0.2mmo;l) example 1G 6Q are dissolved in 60 

ml of toluene, When 200 ml of toluene solution of 389 mg (0.3mmol) of p^t-butyj calyx [8] arenes 
was added to the Solution, and churning was continued under the room temperature, precipitation 
began to form about 3 hours afterward. When churning was stopped and filtered 15 hours 
afterward, 400 mg (9.6.0% of purity) of settlings were obtained. After haying added 200 ml of 
toluene to this mixture, heating at 100 ** and considering it as a solution, it returned to the room 
temperature and agitated for 15 hours. 353 mg of settlings of purity were obtained by filtration 
99 : 0%, When 200 ml of toluene was furthermore added and same operation was performed, 313 mg 
of settlings of 99.8% of purity were obtained. It was checked from the ultimate analysis value 
(6:87.95%, H:5.79%) that they are 1:1 complexes of C 60 and a p-t-butyl calyx [8] arene.. 

[0037] Next, 30 ml of chloroform was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 102 mg of black solids were obtained by filtration. It was checked from 13 
C-NMR that it is Q 6G , The; purity of C 6Q was; 99.8% from HPLC, The recovery rate of G 60 was 71 %. 

[0038]The whole quantity of the solvent used for obtaining C 6Q of such a high grade is about 860 

ml of toluene, and about 30 ml of chloroform. This is dramatically lower than the case, where it is 
used, conventional method, for example, neutral alumina, and it is guessed that it is an outline and 
1/5 or less. 

[0039]200 mg of fulierene mixtures containing 144 mg (0;2mmol) example 2C 60 are dissolved in 60 
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ml of toluene, When 200 ml of toluene solution of 389 mg (0.3mmol) of p-t-butyl calyx [8] arenes 
was added to the solution, and churning was continued at the room temperature, precipitation 
began to form about 3 hours afterward. When churning was stopped and filtered 15 hours 
afterward, 400 mg (96.0% of purity) of settlings were obtained. 

[0040]Next, 30 ml of methylene chlorides were added to this precipitation, and it agitated under 2- 
hour flowing back (40 **). 125 mg of black solids were obtained by filtration. The purity of C 6Q was 

96.0% from HPLC. The recovery rate of C 6 q is 83%, and, on the other hand, the amount of the 

solvent used is only 290 ml. 

[004T]200 mg of fullerene mixtures containing 1 44 mg (0.2mmol) example 3C 60 are dissolved in 100 

ml of benzene, When 1Q0 ml of benzene solution of 389 mg (0.3mmol) of p-t~b,uty| calyx [8] arenes 
was added to the solution and agitated at the room, temperature, precipitation began to form about 
1 hour afterward; When churning was stopped and filtered 5 hours afterward, 427 mg (90.0% of 
purity) of settlings were obtained. 

[0042iNext, 30 ml of chloroform was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 1 30 nig of black solids were obtained by filtration. The purity of C 60 was 

91.0% from HPLC. 

[0043] 200 mg of fullerene mixtures containing 144 mg (0.2mmol) example 4C 6Q are dissolved in 60 

ml of toluene,- When 1:50 ml of toluene solution of 356 mg (0.3mmol) of pHsopropyl calyx [8] arenes 
was added to the solution and agitated at the room temperature, precipitation began to. form about 
6 hours afterward. When churning was stopped and filtered 30 hours afterward, 380 mg (96.0% of 
purity) of settlings were obtained. 

[0044] Next, 30 .ml of chloroform was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 1 35: mg of black solids were obtained by filtration. The purity of C 60 was 

%.0% frpm HPLC. the recovery rate of C 60 was 90%. 

[0045]200 mg of fullerene mixtures containing 144 mg (0.2mmbl) example 5C 6Q are dissolved in 100 

ml of benzene, When 100 ml of benzene solution of 356 mg (0.3mmol) of p-isoprppyl calyx [8] 
arenes was added to the solution and churning was continued at the room temperature, 
precipitation began to form about 1 hour afterward. When churning was stopped and filtered 5 
hours afterward, 380 mg (96.0% of purity) of settlings were obtained,. After having added 100 ml of 
benzene to this: mixture, heating at 80 ** and considering it as a solution, it returned to the room 
temperature and agitated for 5 hours. 335 mg of settlings of purity were obtained by filtration 
99.0%. When 100 ml of benzene was furthermore added and same, operation was performed, 298 mg 
of settlings of 99.8% of purity were obtained. 

[0046]Nexi:, 10 ml of chloroform was added to this precipitation,: and it agitated at the room 
temperature for 1 hour. 109 mg of black solids were obtained by filtration-. The purity of C 6Q was 
99.8% from HPLC. The recovery rate of Q 60 was 75%. 

[0047]200 mg of fullerene mixtures containing 144 mg (0.2mmol) example 6C 60 are dissolved in 60 

ml of benzene, When 200 ml of benzene solution of 322 mg (0.3mmol) of p-ethyl calyx [8] arenes 
was added to the solution and churning- was continued at the room temperature, precipitation 
began to form about 1 hour afterward. When churning was stopped and filtered 5 hours afterward, 
414 mg (92.0%' of purity) of settlings were obtained. 

[0048] Next, 50 ml of chloroform was added to this precipitation, and it agitated at the room 
temperature for 1 hour. 1.25 mg of black solids were obtained by filtration. The purity of Cg 0 was 

92.0% from HPLC, The recovery rate of C 60 was, 80%. 

[0049] 

[Effect of the Invention] As explained above, the method of this invention can carry out separation 
refinement of specific fullerene like C 60 with a high grade and high recovery from the mixture 

containing the fullerene of C 6Q obtained by the carbonaceous laser evaporating method or arc 

discharge process, such as graphite, C 70 , and others. The solvent used when refining can also be 
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managed with a small quantity. The method of this invention does not need a complicated device, 
but enables refining oh. ah industrial scale also from the point which can be scaled up as it is. 



[Translation done.] 



